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Abstract 
China is one of the countries with most serious natural disasters where the damage caused by flood is larger than any other natural disasters  
The introduction of catastrophe bonds would be a good channel for transferring the catastrophic risk  Therefore, based on the principle of 
non-life actuarial, this paper figured out the distribution fitting for the losses and occurrences of flood disasters and applied Monte Carlo 
simulation to calculate the total loss of flood disasters and its corresponding probability in China  By using the capital asset model and 
Catastrophe bond pricing model, the yields and prices of flood disaster bond can be obtained, which can be referred and learned for the 
issuance of flood disasters bonds in the future   
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1. Introduction 
Catastrophe bonds are a typical method of risk-transfer which could transfer insurance market’s risk through to the capital 
market [1]. In the international market, launched by the insurance company or Reinsurance Company, catastrophe bonds issued 
to the capital market through the special purpose vehicle (SPV). If the conditions which designated by bonds (i.e. triggers) 
happened, investors would lose a part of or all of the principal and interest. Otherwise, investors can get the principal and interest 
when the bonds expired [2]. 
Since the 1990s, the direct losses caused by flood disasters more than 100 billion RMB annually in china, it is account for 
two-thirds of all kinds of natural disaster. But flood insurances are only a kind of additional insurance in china, the losses 
compensation is mainly provided by government, so it is putting an additional burden on national finance.However,the basic 
cause of this phenomenon is high randomicity of the risk of flood disasters, which is not the ideal of insurable risk[3].In addition, 
owing to the limited size of capital, we still can not find the appropriate means to avoid risks even if flood insurance is provided. 
Therefore there is an urgent need for novel risk transfer mode to complement. Introducing flood bonds in our country, and 
replace traditional risk undertaker (such as reinsurance companies or governments)with investors in capital market so can 
transfer insurance risk to the capital market. It is good at getting a lot of money from the capital and improving the ability of 
underwriting and resisting risk of insurance business, which also can improve the enthusiasm of insurance companies [4]. 
This paper treated the losses and amount of flood damage in our country by nonlinear fitting program, and calculated the 
annual flood damage and probability by Monte Carlo simulation. Finally, calculate the prices of the flood bond.  
2. Fit flood damage by monte carlo simulation 
2.1. The fitting of flood losses
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This paper selects the flood loss data which the direct economic losses over 100 million RMB in china as the random sample. 
According to the flood loss raw data, we can get the frequency and frequency distribution of the flood loss and present in Table 1. 
Table 1  Frequency and frequency distribution of flood loss in china 
Losses（x） 
(Unit: one hundred million yuan) 
Time Frequency（y） Cumulative frequency
Fn(x) 
Frequency density 
1—5 147 0 307531 0 307531 0 0768828 
5—10 89 0 186192 0 493724 0 0372385 
10—15 62 0 129707 0 623431 0 0129707 
15－25 52 0 108787 0 732218 0 0108787 
25—35 26 0 054393 0 786611 0 0054393 
35—50 23 0 048117 0 834728 0 0024059 
50—70 23 0 048117 0 882845 0 0024059 
70—100 20 0 041841 0 924686 0 0013947 
100—200 20 0 41841 0 966527 0 0004184 
200—300 5 0 01046 0 976987 0 0001046 
300—400 3 0 006276 0 983264 6 276E-05 
400—500 3 0 006276 0 98954 6 276E-05 
500—1000 4 0 008368 0 997908 8 368E-05 
1000—1500 1 0 002092 1 2 092E-05 
total 478 0 307531   
As table 1 we can see, the flood loss distribution not only uneven in China, but also concentrate within 10 billion RMB. To draw 
the image of the empirical distribution function in Figure1 (a), we can be found that the distribution of flood losses climb too fast 
between the range of 0-10 billion RMB, which has resulted in the greatly increased for the error estimate. In order to reduce the 
error，we can deal with the sample data by the logarithmic transformation，then draw the image of the empirical distribution 
function in Figure1(b). 
The empirical distribution function of flood losses in china
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Fig 1  (a)The empirical distribution function of flood losses in china ( Unit:one hundred million yuan); (b)The empirical distribution function of flood losses by 
the logarithmic transformation in china (Unit: one hundred million Yuan) 
From the figure1(b) we can find that the cumulative frequency of sample data intended to gentle after the logarithmic 
transformation, and the empirical distribution function is similar with lognormal model by observing the histogram frequency 
distribution diagram of flood losses from Figure 2. Therefore, this paper selects the lognormal model as distribution Function of 
flood losses. 
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Histogram frequencydistribution diagram of flood losses in china
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Fig 2  Histogram frequencydistribution diagram of flood losses in china (unit: one hundred million Yuan) 
According to the method of moments estimator calculated the mean and variance of lognormal distribution which are 2.603201 
and 1.992059, and fitting sample data through the Monte Carlo simulation [5]. At first generating a pseudo random number which 
include in lognormal (2.603201, 1.992059) by MATLAB, such as it is located in loss interval, the output of sampling notes for 1, 
otherwise, as 0. Repeat the above process in N times (this article selects the N = 10000), then calculate the sum of all of the output, 
and the summation of the result as output variable ‘sum’. That can get fitted values ‘sum/N’ of different loss interval which are 
presented in Table 2. 
As table 2 we can see, the actual frequency of flood losses were verified by fitted values of lognormal distribution. Therefore, it 
can be concluded that the flood losses obey the lognormal distribution: 
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u =2.603201， 2 =1.992059 
 
Table 2 Flood losses fitted by log-normal distribution function 
Loss interval (unit: one hundred million yuan) Actual frequency Fitted values 
1—5 0 307531 0 2110 
5—10 0 186192 0 1353 
10—15 0 129707 0 0779 
15－25 0 108787 0 0995 
25—35 0 054393 0 0578 
35—50 0 048117 0 0637 
50—70 0 048117 0 0523 
70—100 0 041841 0 0446 
100—200 0 41841 0 0716 
200—300 0 01046 0 0309 
300—400 0 006276 0 0162 
400—500 0 006276 0 0104 
500—1000 0 008368 0 0172 
1000—1500 0 002092 0 0066 
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2.2．Frequency fitting of flood  
Assuming the times of flood disaster annually in china obey Poisson distribution，The probability distribution function is: 
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The parameter of Poisson distribution is the mean of sample data,λ=18.3846. To Substitute the estimated value into Poisson 
distribution function, we can obtain the probability of times of the flood disaster annually. As figure 3 we can see, the fitting effect 
of poison distribution is good. Therefore, the times of flood disaster annually obey Poisson distribution: 
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Fig 3  Fitting results of times of flood disaster annually 
3. The yields of flood disaster bond  
The flood disaster bonds belong to catastrophe bonds, which launched by the insurance company or Reinsurance Company and 
issued to the capital market through the special purpose vehicle (SPV). If the conditions which designated by bonds (i.e. triggers) 
happened, investors would lose the part of or all of the principal and interest, otherwise, investors can get the principal and interest. 
Assuming there is one-year flood disaster bond，the yields note for R，Triggers are M（Assuming the rate of insurance covering 
is 30%，so M is 30% of the losses of flood disaster annually）,the probability of the losses reached the trigger M is p. 
In this article we calculated the probability of different triggers by the monte carlo simulation . According to the above, at first 
generated a pseudo-random number notes for n which obeys poission (18.3846) on MATLAB software platform, and then 
generated n pseudo-random numbers obey lognormal (2.603201, 1.992059), calculated the sum of pseudo-random numbers and 
take the value of 30%, if this value greater than M, the output of sampling notes for 1, otherwise, as 0, Repeat the above process for 
N times(this article selects the N = 10000), then calculate the sum of all of the output,and the summation of the result as output 
variable ‘sum’, finally we can get the p=sum/N.Take different M, can get different probability of the losses annually in china which 
are presented in Table 3. 
Table 3  The probability of losses annually in china（Units: one hundred million yuan） 
Losses of disaster Losses of insurance probability 
500 150 0 7824 
1000 300 0 4629 
1500 420 0 2866 
2000 600 0.1805 
2500 750 0 1294 
3000 900 0.0888 
5000 1500 0 0387 
9000 2700 0.0101 
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Different types of bonds have different triggers, Select (600,0.1805), (900,0.0888), (2700,0.0101) three points as the triggers of 
the principal guaranteed bonds,the 50% of the principal guaranteed bonds and the non-guaranteed bonds.  
In this paper,the yields of flood disaster bonds were calculated by capital asset pricing model. 
 
( ) ( ( ) )i f i mE R R E R R f                                                              (4) 
 
E(Ri) is expected yield of a kind of financial assets, Rf is risk-free rate, βi is Beta value of this financial assets, E(Rm) is 
expected yield of market portfolio. Assume that the risk-free rate is 4%, the expected yield of market portfolio is 12%, Beta value 
of these financial assets is 0.5. The yields of different flood disaster are: 
(1) The principal guaranteed bonds, If yields is 0 when the losses reached the trigger: 
 
( ) (1 ) 0 * ( ( ) )f i m fE R R p p R E R R                                                         (5) 
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(2)The 50% of the principal guaranteed bonds. If yields is -50% when the losses reached the trigger: 
 
( ) (1 ) ( 0.5) * ( ( ) )f i m fE R R p p R E R R                                                      (7) 
( ( ) ) 0.5 4% 0.5 * (12% 4%) 0.5 * 8.88% 15.3%
1 1 8.88%
f i m fR E R R pR
p
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(3) The non-guaranteed bonds. If yields is -100% when the losses reached the trigger: 
 
( ) (1 ) ( 1) * ( ( ) )f i m fE R R p p R E R R                                                        (9) 
( ( ) ) 4% 0.5*(13.44% 4%) 1.01% 9.82%
1 1 1.01%
f i m fR E R R pR
P
                                                (10) 
 
4. The prices of flood disaster 
The flood disaster bonds is Coupon bond, The coupon pay depends on whether the losses beyond the trigger[6]. When the losses 
exceeds this threshold, the surplus coupon will not be paid[7].Assuming issue a single period flood bonds of the face value is 100 
Yuan, the annual interest rate is 8%.The prices of different bonds are : 
(1) The principal guaranteed bonds, Bond yield is 9.76%, Trigger is (600,0.1805) 
 
1 0 9 7 6 * 8 1 9 5 % 1 0 0 * 1 8 0 5 % 1 0 3 8 4 5
1 4 %
P
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(2) The 50% of the principal guaranteed bonds. Bond yield is 15.3%, Trigger is (900,0.0888) 
 
1 1 5 3 * 9 1 1 2 % 5 0 * 8 8 8 % 1 0 5 2 8 9
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P
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(3) The non-guaranteed bonds. Bond yield is 9.82%, Trigger is(2700,0.0101) 
 
1 0 9 . 8 2 * 9 8 . 9 9 % 0 * 1 . 0 1 % 1 0 8 . 7 1 1
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5. Conclusion 
In this paper, we can conclude that investors can select their own flood disaster bonds types to consider their tolerance of risk. 
The probability of reaching the trigger conditions are 18.05%. However, even it had reached the trigger conditions, investors will 
lose interest only, and principal can be recycled, so the conservative investors can choose the capital guaranteed bonds. Aggressive 
investors can choose the non-guaranteed bonds. Although the bond yields have little difference with the other two flood disaster 
bonds, the probability of reaching the trigger conditions are only 1.01% which belongs to small probability events. It is in line with 
the demand of those investors who are pursuing high-risk and high-yield. It can be seen that Flood Disaster Bonds have enriched 
the types of financial products for investors, and its low linkage with other financial products of the capital market have further 
optimized investors’ portfolios [8]. In a word, the Flood Disaster Bonds will be a new kind of financial products of market potential. 
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